Numerous workers have established a connexion between the metabolism of magnesium and various dietary factors. Thus Colby & Frye (1951 b) working with young rats on a low-Mg, low-calcium diet observed reduction in blood Mg levels and increase in mortality rate when the casein content of the diet was increased from 24 to 50 yo. , 1961) . Thus, although it is evident that Ca and phosphate impair Mg absorption in certain animals, the relative and combined effects of these two factors have not been studied to any great extent.
Increased intake of Ca salts or of phosphates has been reported to affect Mg metabolism in rats (Tufts & , 1961) . Thus, although it is evident that Ca and phosphate impair Mg absorption in certain animals, the relative and combined effects of these two factors have not been studied to any great extent.
Mg absorption in healthy human subjects given a mixed diet low in protein and moderately low in Ca and supplemented with vegetables has been shown to be improved when protein replaced an equi-caloric amount of sugar or fat (McCance, Widdowson & Lehmann, 1942) . The effect of increased dietary Ca is less clear; thus De & Basu (1949) found that it impaired Mg absorption, but no definite effect is apparent from the results of Leichsenring, Norris & Lamison (1951) either with increased dietary Ca alone, or with increased Ca and phosphate.
In the ruminant, Head & Rook (1955 have suggested that the high levels of ammonia that occur in the rumen of cows grazing spring grass may interfere with Mg absorption from the small intestine or may reflect a reduction in the concentration there of amino acids, which could also result in poorer absorption.
In the experiments now reported the effect was studied of protein level, ammonium salts, Ca carbonate and sodium orthophosphate on the apparent absorption of Mg. The main object was to study factors affecting the absorption of Mg, and retention
was determined in only one experiment. Rats were given diets containing about 20 mg Mg/Ioo g diet, a level reported adequate for growth and maintenance of normal levels of blood 1Mg in young rats (Kunkel & Pearson, 1948) .
Diets and general technique
The composition of, and content of some inorganic constituents in, the low-Mg basal diets and the experimental diets are given in Tables I and 2 . Male hooded Norwegian rats were housed individually in metabolic cages of the Hopkins type (Ackroyd & Hopkins, 1916) and fed to appetite. Diets were moistened with distilled water to prevent scattering. I n addition, a vitamin mixture was given by pipette that provided a weekly dose of 1.4 mg DL-a-tocopherol, 360 i.u. vitamin A and 26 i.u. vitamin D. Distilled water was given in glass bulbs. Faeces and urines were collected daily and, at the end of the collection period, the separator, urine container and glass funnel were rinsed with hot, about o -~N -H C~, and the rinsings added to the urine. I 28
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Ca was precipitated as the oxalate at pH 4-5 (Smith, 1957) and the tube and precipitate were washed once with about I ml distilled water; sodium citrate was used to prevent the co-precipitation of iron during the precipitation of the ammonium magnesium phosphate, and the 33 % (v/v) ammonia solution quoted by Godden (1937, p. 40) for washing the Mg precipitate was replaced by one of 10 yo (vfv) strength. Two precipitations of the Mg were found necessary for satisfactory results. The precipitate was finally dissolved in a small volume of about 2~-H h T 0~, the solution transferred to a volumetric flask and P determined as above. In order to check for manganese contamination, additional ammonium magnesium phosphate precipitates were prepared from faeces in Expts I and 4 and from the low-Mg basal diets 795 and 796, and Mn was either estimated colorirnetrically by oxidation to permanganate (Godden, 1937, p. 19) or removed from the precipitate by conversion into the insoluble hydrated oxide with bromine water (Duckworth & Godden, 1938; Davidson, 1952) . In all these instances Mn contamination was negligible, but was not checked in other Mg determinations. Ammonia was determined by addition of magnesium oxide to a suspension of diet in water and distillation (Association of Official Agricultural Chemists, 1955). The value for ammonium content quoted in Table 2 is the mean of determinations made on the freshly prepared diet, and on samples that had been moistened with water and left to stand overnight to simulate feeding conditions. Only very slight losses of ammonia occurred in the latter. To reduce the loss of ammonia during storage, the diets were kept in air-tight containers. Procedure Until they received the experimental diets, all animals had been on the laboratory stock diet (McKinlay, 1951 ) from weaning. In Expts I and 2, litter-mates of similar body-weight were selected directly from animals on the stock diet, In Expts 3 and 4, litter-mates were chosen from rats that had received the experimental diets in ordinary cages for I week; by this method of selection it was hoped to have animals of a more uniform size at the beginning of the metabolic period. Collection of excreta was begun when all the animals had become accustomed to the new surroundings, and were accepting their diets and growing satisfactorily.
Expt I. Absorption and retention of Mg at two levels of protein intake. Six pairs of 46-day-old litter-mates were given diets containing 8 or 16% casein (diets 795A and 796A, Table 2) in ordinary cages for 6 days. The animals were then transferred to metabolic cages. Collection of excreta was begun I week later and continued for I D days.
Expt 2. EfJect of ammonium bicarbonate (diet 796A-C) and tri-ammonium citrate (diet 796A-D) on Mg absorption. Six groups of three rq~-week-old litter-mates were given diet 796A, 796A-C or 796A-D (Table 2) in the metabolic cages. Collection of faeces was begun 11 days later and continued for I week.
Expt 3. Absorption of Mg from ammonium magnesium orthophosphate (diet 842) and magnesium hydrogen orthophosphate (diet 843). To investigate the effect of ammonia without the possibly complicating effects of the acid radicals of the ammonium salts used in Expt 2, the absorption of Mg from diets 842 and 843 ( Litters, in excess of the number required for the metabolic period, of 8-week-old rats were transferred to diet 842 or 843 so that litter-mates were distributed between the two diets. After I week, six pairs of litter-mates of similar body-weight were selected, one litter-mate from each diet, and placed in metabolic cages. Collection of faeces was begun I week later and continued for I week.
Expt 4. Effect of calcium carbonate and sodium orthophosphate level on the absorption of Mg. Six groups of four litter-mate rats were selected, as for Expt 3, from 10-week-old rats that had already been given the experimental diets 796A, 847 (high-P), 849 (high-Ca) or 850 (high-Ca, high-P) ( Table 2) for I week. They were placed in metabolic cages and collection of faeces was begun 9 days later and continued for I week.
R E S U L T S A N D D I S C U S S I O N
The results are given in Tables 3-6.
Absorption and retention of Mg at two levels of protein intake Table 3 shows that an increase in the dietary protein at the expense of the carbohydrate increased the percentage absorption of Mg from 71'7 to 73.8, but that the difference just failed to reach the 5 yo level of significance. Because of the much greater gain in weight of the rats in the higher-protein group during the pre-experimental period, the initial body-weights of the animals in the two groups were very different at the beginning of the metaboIic period and those having more protein consumed more food and continued to gain weight more rapidly. The endogenous loss of Mg by these animals is not known, but if such losses were proportionately less in the higherprotein group the small difference in apparent absorption could be accounted for.
McCance et al. (1942), using peptone, gelatin, gluten or egg white as supplements, found that Mg absorption in man was increased from 32 to 41 yo when the protein content of the diet was almost trebled. This difference in absorption was much greater than that now observed with rats when dietary protein was doubled ( Table 3) soluble in solutions of a-amino acids than in water, it is possible that the effect of protein on Mg absorption may be more marked with diets containing phytate. Table 3 shows that, although the percentage of Mg retained by animals in the higher-protein group was significantly greater (0.01 > P > 0-OOI), the quantity of Mg retained per unit gain in weight was slightly less (0.05 > P > 0-01) than in those in the lower-protein group. Thus, although more Mg was retained by the rats in the higher-protein group, dietary Mg was apparently not sufficient to meet their requirements. The reduced blood Mg levels and increased mortality rate observed by
Colby & Frye (195 I 6 ) in rats given a diet containing 50 % casein was not, however, due to a higher Mg requirement because of increased growth, since these animals grew less than those given the lower-protein diet. (%) Vol. 17
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Diet and magnesium absorption in the rat '3'
Eflect of the ammonium ion on Mg absorption
The mechanism by which ammonia interferes with Mg metabolism in the ruminant is as yet unknown. It is possible that the amount of Mg available for absorption can be reduced by the formation of ammonium magnesium phosphate or that ammonia alters the electric potential difference between the blood and gut contents, thus affecting the passage of ions through the gut wall. The results in Table 4 show, however, that the addition to the diet of ammonium bicarbonate or tri-ammonium citrate had no significant effect (P > 0.05) on the apparent absorption by rats of Mg from the basal diet (796A). Mg was also absorbed to the same extent from magnesium hydrogen orthophosphate and ammonium magnesium orthophosphate ( Table 5) . Ross (1961) , using a preparation of isolated small intestine from rats, was also unable to detect any interference by ammonium chloride with the transport of Mg. 
Effect of h e 1 of calcium carbonate and sodium orthophosphate on the absorption of Mg
The results for the apparent absorption of Mg, Ca and P from diets varying in Ca and phosphate content are given in Table 6 . The absorption of Mg was significantly reduced (P < 0.001) by an increase in the level of phosphate or Ca in the diet, and was further reduced (0.01 > P > 0.001) when both were simultaneously increased. Increase in dietary phosphate had no significant effect on percentage absorption of Ca at either level of dietary Ca. Increase in dietary Ca decreased significantly (P c O~O I ) the percentage of P absorbed at each level of phosphate. The finding that absorption of Mg was reduced with increase in dietary Ca is in agreement with the work of Alcock & MacIntyre (1960) , and Tufts & Greenberg (1937-8) also found that the severity of the signs of Mg deficiency in rats was increased when the Ca and P levels of a diet containing 5 rng Mg/Ioo g, 0.87 % Ca and 0.80 yo P were changed to 1-16 yo Ca and 0.75 yo P. When the levels of Ca and P were 1.66 and 1-00 %, respectively, the minimum Mg content of the diet necessary for normal growth was increased to about 13 mg/roo g diet. However, O'Dell et al. (1960) , using a diet containing 0.4 % P and 5 mg Mg/Ioo g, did not find that Mg deficiency signs were accentuated when the Ca level was increased from 0.9 to 1-7 %. The effect of increased phosphate ( and died sooner than animals given diets containing less Ca and P. Similarly, Forbes (1961), studying the effect of two levels of dietary Ca and P, found that the visible signs of Mg deficiency in rats were produced most readily on diets containing the higher levels of Ca and P. Forbes (1961) increased the content of Ca of a basal diet containing 14 mg Mg/Ioo g from 0.4 to 0.8 yo and that of P from 0.2 to 0.6%.
Tufts & Greenberg (1937-8), however, did not apparently observe any marked accentuation of external signs of Mg deficiency in rats given a diet containing only j mg Mg/Ioo g when dietary Ca was increased from 0'39 to 0.87 yo and dietary P from 0.45 to 0.80 yo.
It is evident from the results presented that dietary Ca and phosphate have a marked effect on the absorption of Mg and should be considered when assessing the adequacy of a diet with respect to Mg. Protein (casein) appeared to have only a slight effect on Mg absorption at the leveis studied, but by increasing the growth rate it probably increased the Mg requirement of the animal.
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